ABSTRACT Objective: To identify the risk factors for periodontal changes in adult patients during orthodontic treatment by evaluating the periodontal status of banded second molars using the gingival index (GI). Material and Methods: The sample consisted of 100 adult patients divided into two groups: the Orthodontics group, undergoing corrective treatment with fixed appliances and bands cemented to the four second molars, and the Control group, with no prior history of orthodontic treatment, age and sex matched. Group GI values were compared using the Wilcoxon test. Additionally, a multivariate logistic regression was performed to study the risk factors for increases in the GI. Results: Individuals in the Orthodontics group showed a significantly higher GI than those in the Control group. Logistic regression revealed that among the risk factors found to increase GI, the following proved significant (in order of importance): plaque index, subgingival encroachment of the cervical margins of bands, probing depth, and length of orthodontic treatment. Conclusions: Banded second molars of adult patients during orthodontic treatment showed more clinical signs of gingival inflammation than those of untreated individuals. Moreover, major risk factors identified included the presence of plaque and the presence of subgingival band margins. (Angle Orthod. 2012;82:224-228.) 
INTRODUCTION
Any patient undergoing orthodontic treatment should be extra careful with their oral hygiene, 1-3 especially adults. 2 The number of adult patients in treatment increased significantly during the 1980s, 4, 5 bringing with it malocclusions with their attendant age limitations 6 and various aggravating periodontal conditions, ranging from lesions on one single tooth surface to generalized periodontal disease. 2, 4, 5 However, it has been argued that age is not in itself a contraindication for orthodontic treatment 4 because adult patients, in certain situations, may exhibit less plaque build-up and gingival inflammation than adolescents. 6 Various factors have been suggested to explain these observations, such as the larger size of the clinical crown of adult teeth resulting from passive eruption, which allows brackets to be positioned farther away from the gingival margin. 2 On the other hand, orthodontic appliances and accessories (bands, brackets, archwires, elastics, and springs) increase the number of areas of dental plaque retention and consequently hinder hygiene, [7] [8] [9] [10] [11] [12] [13] particularly in the posterior segments of the oral cavity, given their difficult access. Permanent second molars are often misaligned and therefore are included in the treatment plan, thus increasing the potential for gingival inflammation. 7, 14 Technical and bonding difficulties often arise, leading professionals to resort to the use of bands. 2, 7, 14 Gingivitis, especially in the region of the interdental papilla, has been observed in teeth banded for orthodontic purposes. 4, 15 These have been associated with higher plaque rates, 3, 7, 9, 14 gingival rates 3, 7, 9, 11, [16] [17] [18] and probing depth, 3, 7, 10, 11, 17, 18 more often than in patients with bonded brackets or no orthodontic appliance. 7, 11, 16 However, apparently gingival reactions are transient, and they do not cause permanent damage to periodontal tissues; rather, cases are rapidly resolved and treatment completed. 10 Given that orthodontic appliances favor dental plaque retention, and that the number of adults undergoing orthodontic treatment has been growing considerably (which creates peculiar periodontal conditions), this study aimed to analyze the gingival index (GI) of banded second molars in adult patients and compare it with that of a control group. Additionally, investigators aimed specifically to detect the presence of possible predictive factors for increases in GI in patients treated with orthodontic bands on the second molars.
MATERIALS AND METHODS
A cross-sectional clinical study was conducted by examining maxillary and mandibular second molars of 100 adults (54 women, mean age 26 6 7.5 years, and 46 men, mean age 23 6 4.8 years). A group of 50 patients in orthodontic treatment at the Specialization Program in Orthodontics, Federal University of Bahia (UFBA), was randomly selected for participation in the study. All had been wearing fixed standard edgewise orthodontic appliances for at least a year (to ensure that subjects had established an oral hygiene routine and that periodontal conditions were stable) and orthodontic bands (Dental Morelli Ltda, Sorocaba, Brazil) cemented with glass ionomer cement (Ketac-Cem, Espe, Germany) on the four second molars (Orthodontics group). The Control group, comprising 50 individuals undergoing restorative treatment in teeth other than the second molars at the Department of Integrated Clinic, School of Dentistry (UFBA), was age and sex matched with those wearing fixed appliances.
Before treatment, the groups received equivalent guidelines with regard to oral hygiene and motivation. Additional oral hygiene instructions were given during orthodontic treatment only if necessary. Other inclusion criteria included the following: absence of chronic medical disease or condition that could affect their periodontium (such as diabetes mellitus, juvenile periodontitis, congenital heart disease, blood dyscrasias, or history of rheumatic fever), did not take antibiotics in the 3 months preceding the study, and had fully erupted second molars in the oral cavity. Informed consent was obtained from each member of the sample, and the study protocol was approved by Committee on Research Involving Human Subjects at the School of Dentistry at Salvador, Bahia Federal University, UFBA, Brazil.
Clinical examination was performed by a single examiner, duly calibrated (kappa .0.90) periodontics specialist using a conventional ''Williams''-type periodontal probe (Trinity Periodontics, Jaraguá , Brazil) and a dental mirror.) The midbuccal sites of the four second molars were evaluated, and the data were noted in individual clinical charts for each study group.
The independent variables described in Table 1 , such as the Silness and Lö e 19 plaque index (PI), were recorded for each participant. The dependent variable used in this study was the Lö e and Silness 20 GI, used for periodontal status assessment, with the following classification: 0, absence of inflammation; 1, mild inflammation, with slight change in color and little change in texture; 2, moderate inflammation, with reddish appearance, mild edema, and hypertrophy and bleeding on probing; and 3, severe inflammation, with marked reddish appearance and hypertrophy, ulceration, and tendency to spontaneous bleeding.
Statistical Analysis
The midbuccal GI of the Orthodontics and Control groups was compared using the Wilcoxon test at a 5% significance level. Next, to study potential risk factors that might account for increased GI in patients with fixed orthodontic appliances, a series of logistic regressions were performed. Initially, univariate logistic regressions were carried out using as a dependent variable the midbuccal GI of patients in the Orthodontics group, and as independent variables those contained in Table 1 . The significance of univariate models was 10%. Only those that proved statistically significant using univariate analysis were included in a stepwise multivariate model with the same level of significance (5%). Statistically significant variables in the multivariate model were found to be the odds ratios. Their respective 95% confidence intervals were therefore recorded.
RESULTS
The midbuccal GI of second molars in the Orthodontics group ( X X +SD: 0.94 6 1.0; n 5 200) was significantly higher than in the Control group (0.54 6 0.89, n 5 200, P , .0001).
Risk factors for increases in GI in the Orthodontics group were studied by means of a series of logistic regressions. Results of univariate logistic regressions performed for selecting variables that entered the multivariate model are presented in Table 1 , along with the descriptive statistics for these variables. None of the bands used on teeth that were evaluated showed excess cement or poor occlusal or cervical adjustment. Only significant variables were included in the multivariate model, whose selection was held by the stepwise method.
Selected variables generated a significant multivariate model (x 2 10 5 92.34; P , .0001); those included in the model are presented in Table 2 , along with odds ratio and 95% confidence intervals. The following were identified as possible risk factors for increased GI (in order of odds ratio importance): PI, subgingival cervical margin of the bands, probing depth, and length of orthodontic treatment.
DISCUSSION
An increased GI index in teeth with orthodontic bands, as found in the present study, constitutes a relatively frequent event. 3, 7, 9, 11, [16] [17] [18] This variable was selected for the study because bleeding on probing is the most reliable clinical indicator of significant gingival inflammation, 2, 6 and its absence indicates a high likelihood of maintaining periodontal health. 21 For this reason, it can be considered a parameter for use in daily practice.
As stated earlier, PI was the most important risk factor for an increased GI in adult orthodontic patients because plaque builds up given the difficulty involved in removing the different orthodontic appliance components. [7] [8] [9] [10] [11] [12] [13] The quantity and quality of plaque are influenced by many factors, including surface characteristics. Moreover, surface roughness is positively correlated with plaque growth and maturation. 17 The role of this primary etiologic factor in gingivitis and periodontitis has been extensively documented in the literature, as has periodontal breakdown resulting from an imbalance between their constituents and the host's defense mechanisms. 17, 18, [22] [23] [24] The subgingival cervical margin of the bands was another key factor (ie, bands that encroach into the sulcus substantially increased the odds [odds ratio {OR} 5 2.058] for developing inflammation). Apparently, significant advantages are associated with not allowing the cervical margins of orthodontic bands to encroach into the gingival sulcus. 1, 7 Given the importance of PI, the difficulty in removing plaque from the subgingival margin of bands, 1, 7, 15, 21 often quoted in the literature, can explain its prominence as a risk factor. Arguably, another reason for this periodontal reaction is mechanical injury to adjacent tissues during the band placement procedure, 1, 16 or even the fact that attachment fibers are torn during the adaptation procedure, thus violating the biological space 25 and leading to loss of attachment. 7 This trauma may be more severe in clinical situations in which the teeth are improperly positioned or are not completely erupted. 7 It is also conceivable that the cytotoxic effects of cement 1 and/or band material 1, 16 can partially explain the gingival response. Nickel can have an influence over the periodontal status of allergic orthodontic patients, leading to local and systemic inflammatory reactions that are correlated with the gingival index. 13 Such effects, although not evaluated in this study, deserve further investigation. Because of these reactions, it would be interesting to conduct a comparative study involving second molars with bonded accessories. According to some authors, this method would be preferable to banding. 1, 11, 12, 16 Probing depth appeared as another risk factor for increases in GI. It was determined that for every additional 1.0 mm, there is an increase of 1.336 in the odds ratio toward an increase in the gingival index. This association between GI and probing depth has been explained by decreased effectiveness in oral hygiene and, consequently, changes in subgingival microbiota at these sites. 10, 26 Increases in probing depth can be related to the presence of subgingival bands in two different ways. If encroachment into the gingival sulcus exceeds 0.5 mm, the risk that violation of the biological space will occur is increased, and this might cause recession and/or apical migration of the junctional epithelium and consequent periodontal pocket formation. 27 Another explanation is the formation of hyperplasia or gingival edema, with a pseudopocket caused by local irritation of the bands and the proliferation of periodontopathogenic bacteria. 7, 9, 17 Gingival hyperplasia (of inflammatory origin) affecting orthodontic patients is usually characterized by gingival tissue growth, localized or generalized, starting at the interdental papillae 1 to 2 months into treatment. 28 Finally, treatment time showed only a slight influence on the occurrence of gingival inflammation. This is probably a result of the fact that, as treatment progresses, the number of orthodontic accessories (rubber bands, springs, and hooks) tends to increase, and, as already seen, this further compromises hygiene. [7] [8] [9] [10] [11] [12] [13] It is therefore necessary that orthodontists provide their patients with oral hygiene instructions and constant motivation, 10,12,29 while acting as objectively as possible and applying strategies to reduce the number of accessories 12 and to shorten treatment time. Our results suggests that when orthodontic bands are required on second molars, factors such as plaque control, cervical margin height, probing depth, and treatment time play an important role in increasing the GI index. This means that the clinician should take protective measures to minimize periodontal risk. These measures include monitoring and motivating patients' oral hygiene, 10, 12, 29 maintaining supragingival band margins, 1, 7 and optimizing treatment, with minimal use of accessories. 12 Thus, possibly, we will improve the periodontal condition of patients in treatment and their oral health.
CONCLUSIONS N Orthodontic treatment in adult patients showed more clinical signs of gingival inflammation than were seen in those with no appliance. N Potential risk factors identified for increased gingival index, in decreasing order of importance, include the following: plaque index, subgingival encroachment of the cervical margin of bands, probing depth, and length of orthodontic treatment. N Study results suggests that these factors depend on the professional responsible for treatment, adaptation of the bands during appliance set-up, and duration of orthodontic correction, as well as the patient's plaque control to prevent deposits from building up around appliance components.
